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 7KH VXUYLYDO RI DQ\ OLYLQJ RUJDQLVP GHSHQGV RQ LWV DELOLW\ WR FRPPXQLFDWH DQG D
EUHDNGRZQ RI FHOOXODU VLJQDOLQJ FDQ KDYH GLUH FRQVHTXHQFHV VXFK DV XQFRQWUROOHG FHOOXODU
SUROLIHUDWLRQ RU HYHQ FHOO GHDWK (QYLURQPHQWDO FXHV RU OLJDQGV DUH SHUFHLYHG E\ FRJQDWH
UHFHSWRUVH[SUHVVHGSULPDULO\RQWKHFHOOVXUIDFHDQGWUDQVPLWWHGWRWKHLQWHULRURIWKHFHOOWR
HOLFLW D UHVSRQVH 7KLV XQLYHUVDO SKHQRPHQRQ LV WHUPHG DV VLJQDO WUDQVGXFWLRQ 'XULQJ WKLV
SURFHVVVHFRQGPHVVHQJHUVVXFKDVF\FOLFQXFOHRWLGHVF$03DQGF*03DUHSURGXFHGZKLFK
VHUYHWRDPSOLI\WKHVLJQDO
 &\FOLF *03 LV HPHUJLQJ DV D XQLYHUVDO VHFRQG PHVVHQJHU DQG LV IRXQG LQ ERWK
SURNDU\RWHV DQG HXNDU\RWHV ,W LV V\QWKHVL]HG IURP *73 E\ WKH DFWLRQ RI JXDQ\O\O F\FODVHV
9HUWHEUDWH JXDQ\O\O F\FODVHV DUH RI WZR IRUPV VROXEOH DQG PHPEUDQHDVVRFLDWHG 6ROXEOH
JXDQ\O\O F\FODVHV DUH KHWHURGLPHULF HQ]\PHV ZKLFK DUH DFWLYDWHG E\ QLWULF R[LGH
0HPEUDQHDVVRFLDWHGJXDQ\O\OF\FODVHVRQWKHRWKHUKDQGDUHKRPRGLPHULFHQ]\PHVWKDWDFW
DVUHFHSWRUVIRUGLYHUVHSRO\SHSWLGHOLJDQGV,QPDPPDOVWKHUHDUHVHYHQLVRIRUPVRIUHFHSWRU
JXDQ\O\O F\FODVHV *&$ WKURXJK *&* 7KHVH UHFHSWRUV KDYH D KLJKO\ FRQVHUYHG PRGXODU
GRPDLQRUJDQL]DWLRQZLWKDQ1WHUPLQDOH[WUDFHOOXODUGRPDLQDVLQJOHWUDQVPHPEUDQHGRPDLQ
DQG D &WHUPLQDO LQWUDFHOOXODU UHJLRQ 7KH LQWUDFHOOXODU UHJLRQ FRQWDLQV D MX[WDPHPEUDQH
GRPDLQ IROORZHG E\ D SURWHLQNLQDVH OLNH GRPDLQ D OLQNHU UHJLRQ DQG WKH FDWDO\WLF JXDQ\O\O
F\FODVHGRPDLQ7KHFRRUGLQDWHGDFWLRQVRIWKHVHGRPDLQVHQVXUHDILQHWXQHGUHJXODWLRQRIWKH
FDWDO\WLFGRPDLQ
 *XDQ\O\OF\FODVH&*&&LVDPHPEHURIWKHPHPEUDQHERXQGJXDQ\O\OF\FODVHV*&
&LVSUHGRPLQDQWO\H[SUHVVHGLQWKHLQWHVWLQHRQWKHDSLFDOVXUIDFHRIHSLWKHOLDOFHOOVEXWKDV
DOVREHHQGHWHFWHGLQWKHUDWHSLGLG\PLV,QWKHLQWHVWLQHLWVHUYHVDVWKHUHFHSWRUIRUJXDQ\OLQ
XURJXDQ\OLQDQGO\PSKRJXDQ\OLQZKLFKDUHWKHHQGRJHQRXVSHSWLGHOLJDQGVZKLOHKHDWVWDEOH
HQWHURWR[LQ67SHSWLGHVVHFUHWHGE\HQWHURWR[LJHQLFE.coliDUHH[RJHQRXVOLJDQGV$FWLYDWLRQ
RI*&&E\WKHVHOLJDQGVUHVXOWVLQDQLQFUHDVHLQLQWUDFHOOXODUF*03OHYHOVZKLFKWKHQDFWLYDWHV
F*03GHSHQGHQWSURWHLQNLQDVHDQGFURVVDFWLYDWHVSURWHLQNLQDVH$ ,QWXUQ WKHVHDFWLYDWHG
NLQDVHV SKRVSKRU\ODWH DQG DFWLYDWH WKH F\VWLF ILEURVLV WUDQVPHPEUDQH FRQGXFWDQFH UHJXODWRU
&)75UHVXOWLQJLQFKORULGHDQGZDWHUVHFUHWLRQLQWRWKHLQWHVWLQDOOXPHQWKXVUHJXODWLQJVDOW
DQGZDWHUKRPHRVWDVLVLQWKHLQWHVWLQH67SHSWLGHVKDYHDJUHDWHUDIILQLW\IRU*&&WKDQWKH
HQGRJHQRXV OLJDQGVDQGDFWLYDWLRQRI*&&E\67UHVXOWV LQPDVVLYH IOXLGDQG LRQHIIOX[ IURP
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WKH LQWHVWLQDO FHOOV ZKLFKPDQLIHVWV DV 7UDYHOHUVb 'LDUUKHD 7KH*&& PHGLDWHG F*03 VLJQDO
WUDQVGXFWLRQ SDWKZD\ DOVR PDLQWDLQV LQWHVWLQDO FU\SWYLOOXV D[LV KRPHRVWDVLV E\ H[HUWLQJ D
F\WRVWDWLFHIIHFWRQWKHHSLWKHOLDOFHOOVWKHUHE\UHJXODWLQJWKHLUWXUQRYHU
 2YHUWKH\HDUVPXOWLSOHPHFKDQLVPVRIUHJXODWLRQRI*&&DFWLYLW\KDYHEHHQLGHQWLILHG
LQFOXGLQJ DOORVWHULF FRQWURO E\ YDULRXV GRPDLQV LQ WKH UHFHSWRU DQG SKRVSKRU\ODWLRQPHGLDWHG
UHJXODWLRQRIJXDQ\O\OF\FODVHDFWLYLW\7KHFXUUHQWVWXG\GHVFULEHVDVSHFWVRIWKHUHJXODWLRQRI
*&& E\ JO\FRV\ODWLRQ DQG DOVR UHSRUWV WKH PROHFXODU SKHQRW\SHV RI D QDWXUDOO\ RFFXUULQJ
PXWDWLRQLQ*&&WKDWFDXVHVVHYHUHGLDUUKHDLQDIIHFWHGLQGLYLGXDOV
 *&&LVH[SUHVVHGDVDGLIIHUHQWLDOO\JO\FRV\ODWHGSURWHLQN'DDQGN'D:KLOH
ERWKIRUPVELQG67ZLWKHTXDODIILQLW\RQO\WKHN'DIRUPLVDFWLYDWHGE\LWVOLJDQGV,W LV
WKLV KLJKHU JO\FRV\ODWHG IRUP ZKLFK LV VHOHFWLYHO\ GRZQUHJXODWHG LQ WKH SURFHVV RI
GHVHQVLWL]DWLRQ RI*&& LQ FRORQ FDUFLQRPD FHOOV &DFR*LYHQ WKH FULWLFDO UROH JO\FRV\ODWLRQ
SOD\V LQ SURWHLQ IROGLQJ WUDIILFNLQJ UHFHSWRU DFWLYLW\ DQG PHGLDWLQJ SURWHLQ LQWHUDFWLRQV LWV
LQIOXHQFH RQ *&& ZDV DQDO\]HG 7KH LPSRUWDQFH RI JO\FRV\ODWLRQ RQ *&& DFWLYDWLRQ ZDV
LQYHVWLJDWHGXVLQJFDUERK\GUDWHELQGLQJSURWHLQVOHFWLQVZKLFKVSHFLILFDOO\LQWHUDFWZLWKVXJDUV
HLWKHUSUHVHQWRQO\RQWKHN'DIRUPRURQERWKIRUPVRI*&&,WZDVIRXQGWKDWOHFWLQV
ZKLFKLQWHUDFWHGZLWKVXJDUVSUHVHQWH[FOXVLYHO\RQWKHN'DIRUPRI*&&LQKLELWHG*&&
DFWLYDWLRQRQ VWLPXODWLRQE\67 EXW QRW67ELQGLQJ0RGXODWLRQRI UHFHSWRU DFWLYLW\ E\ OHFWLQ
DVVRFLDWLRQPD\ EH RI SK\VLRORJLFDO VLJQLILFDQFH DV DQLPDO OHFWLQV DUH NQRZQ WR LQWHUDFWZLWK
UHFHSWRUVWKXVLQIOXHQFLQJWKHLUDFWLYLW\DQGVWDELOLW\RQWKHFHOOVXUIDFH*DOHFWLQLVRQHVXFK
OHFWLQZKLFKLVH[SUHVVHGLQFRORQFHOOVZKLFKDOVRH[SUHVV*&&,QFUHDVHGOHYHOVRIJDOHFWLQ
KDYHEHHQ VKRZQ WR FRUUHODWHZLWKQHRSODVWLF FRORQ FDUFLQRPD6LQFH DFWLYDWLRQRI*&&KDV
EHHQ VKRZQ WR LQKLELW SURJUHVVLRQ RI FHOOV WKURXJK WKH FHOO F\FOH WKH LQWHUSOD\ EHWZHHQ
JDOHFWLQDQG*&&ZDVLQYHVWLJDWHG,WZDVIRXQGWKDWWKHN'DEDQGRI*&&GLGLQGHHG
LQWHUDFWZLWKJDOHFWLQLQYLWURDQGWKLVLQWHUDFWLRQZDVIRXQGWRLQKLELWF*03SURGXFWLRQRQ67
WUHDWPHQWLQYLYR7KHVHUHVXOWVQRWRQO\VXJJHVWDSUHYLRXVO\XQNQRZQLQWHUDFWLQJSDUWQHURI
*&&EXWDOVRRSHQXSDQHZDYHQXHRIFURVVWDONLQWKH*&&VLJQDOLQJSDWKZD\
 7KH UROH RI JO\FRV\ODWLRQ RQ *&& IROGLQJ DQG WUDIILFNLQJ ZDV HOXFLGDWHG DV WKHVH
SURFHVVHVPD\DOVRDIIHFW*&&IXQFWLRQ%LRLQIRUPDWLFDQDO\VLVSUHGLFWHGWHQJO\FRV\ODWLRQVLWHV
LQ WKH H[WUDFHOOXODU GRPDLQ RI *&& :KHQ JO\FRV\ODWLRQ RI *&& ZDV SUHYHQWHG HLWKHU E\
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SKDUPDFRORJLFDO LQWHUYHQWLRQ E\ WXQLFDP\FLQ RU E\PXWDWLRQRI DOO WKHSXWDWLYH JO\FRV\ODWLRQ
VLWHVOLJDQGELQGLQJDQGSODVPDPHPEUDQHORFDOL]DWLRQZDVDEROLVKHG6\VWHPDWLFPXWDJHQHVLV
RI HDFK RI WKH SUHGLFWHG VLWHV LGHQWLILHG IRXU FUXFLDO JO\FRV\ODWLRQ VLWHV 7ZR RI WKHVH ZHUH
LQYROYHG LQ 67 ELQGLQJ DQG WKH RWKHU WZR ZHUH UHVSRQVLEOH IRU HIILFLHQW *&& WUDIILFNLQJ
0XWDWLRQ RI WKHVH IRXU VLWHV WRJHWKHU UHVXOWHG LQ VHYHUHO\ FRPSURPLVHG 67 ELQGLQJ DQG
FRQVHTXHQWO\RQO\PDUJLQDO67VWLPXODWHGJXDQ\O\OF\FODVHDFWLYLW\RI*&&7KHSUHVHQFHRI
RQO\WKHVHIRXUVLWHVRIJO\FRV\ODWLRQ\LHOGHGDUHFHSWRUWKDWZDVDFWLYHDOEHLWWRRQO\RI
ZLOGW\SHUHFHSWRUDFWLYLW\7KHVHGDWD LQGLFDWHWKDWZKLOH WKHVHIRXUVLWHVDUHFULWLFDO IRU*&&
IXQFWLRQ WKH RWKHU VLWHV DUH UHTXLUHG IRU RSWLPDO UHFHSWRU IXQFWLRQ DQG PD\ EH dDFFHVVRU\b
JO\FRV\ODWLRQVLWHV
 *O\FRV\ODWLRQ LV HVVHQWLDO RQO\ GXULQJ WKH V\QWKHVLV DQG WUDQVSRUW RI *&& DV
GHJO\FRV\ODWLRQRIWKHPHPEUDQHORFDOL]HGUHFHSWRUGLGQRWDIIHFWLWVDFWLYLW\7KLVLQGLFDWHVWKDW
ZKLOHJO\FRV\ODWLRQLVQRWGLUHFWO\LQYROYHGLQ67ELQGLQJDQG*&&DFWLYDWLRQLWLVQHFHVVDU\IRU
WKH IROGLQJ RI WKH (&' 6LPLODU UHVXOWV KDYH EHHQ REVHUYHG LQ SUHYLRXV UHSRUWV RQ WKH
JO\FRV\ODWLRQRI*&$DQG*&%VXJJHVWLQJWKDW(&'IROGLQJDQGUHFHSWRUWUDIILFNLQJPD\EHD
FRPPRQUROHRIJO\FRV\ODWLRQDFURVVPHPEUDQHDVVRFLDWHGJXDQ\O\OF\FODVHV
 $V JO\FRSURWHLQV SURJUHVV WKURXJK WKH VHFUHWRU\ SDWKZD\ HQ URXWH WR WKH SODVPD
PHPEUDQHWKH\DVVRFLDWHZLWKPDQ\FKDSHURQHVDQGWUDQVSRUWSURWHLQV/HFWLQFKDSHURQHVDLG
LQJO\FRSURWHLQIROGLQJ LQWKHHQGRSODVPLFUHWLFXOXP(5DQGVHUYHDVFKHFNSRLQWVIRUWKRVH
SURWHLQVZKLFKKDYHHVFDSHG(5TXDOLW\FRQWURO7KHLQWHUDFWLRQRI*&&ZLWKYHVLFXODULQWHJUDO
PHPEUDQH SURWHLQ 9,3 ZDV H[DPLQHG JLYHQ WKDW JO\FRV\ODWLRQGHILFLHQW PXWDQWV ZHUH
IRXQGWRH[LWWKH(5DOWKRXJKWKHLUIXQFWLRQZDVLPSDLUHG9,3LVUHSRUWHGWREHDFKDSHURQH
ZKLFKF\FOHVEHWZHHQ WKH*ROJLDQG(5RUPD\DLG LQ WKHGHOLYHU\RISURWHLQV WRWKHSODVPD
PHPEUDQHIURPWKH*ROJL2QO\WZRLQWHUDFWLQJSURWHLQVIRU9,3KDYHEHHQLGHQWLILHGVRIDU
7KLVVWXG\UHSRUWV*&&WREHDWKLUGFOLHQWRI9,3WKHRQO\UHFHSWRUZKLFKKDVEHHQIRXQGWR
DVVRFLDWH ZLWK LW )XUWKHU LW ZDV IRXQG WKDW LW FDQ GLVWLQJXLVK EHWZHHQ ZLOGW\SH *&& DQG
JO\FRV\ODWLRQGHILFLHQWPXWDQWV7KLVDVVRFLDWLRQPD\IXUWKHUUHJXODWH*&&IXQFWLRQLQDJO\FDQ
GHSHQGHQWPDQQHUDQGDGHWDLOHGLQYHVWLJDWLRQRIWKLVUHJXODWLRQZLOOEHZRUWKZKLOH
 7KHIXQFWLRQRI*&&LQWKHSDWKRORJ\RIGLDUUKHDZDVOLPLWHGWRLWVK\SHUDFWLYDWLRQE\
67 SHSWLGHV SURGXFHG GXULQJ LQIHFWLRQ ZLWK HQWHURWR[LJHQLF E.coli ZLWK QR UHSRUWV RI GLVHDVH
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FDXVLQJPXWDWLRQLQ*&&WLOOGDWH5HFHQWO\KRZHYHUDFOLQLFDOVWXG\LGHQWLILHGDSRLQWPXWDWLRQ
F*!7S6,LQWKHF\FODVHGRPDLQRI*&&LQLQGLYLGXDOVRID1RUZHJLDQIDPLO\
VXIIHULQJ IURP FKURQLF GLDUUKHD WHUPHG DV )DPLOLDO %RZHO 6\QGURPH )%6 2Q ELRFKHPLFDO
DQDO\VLV LW ZDV IRXQG WKDW *&&6, VKRZHG JUHDWHU F*03 SURGXFWLRQ LQ WKH SUHVHQFH LWV
OLJDQGVLQFRPSDULVRQWRWKHZLOGW\SHUHFHSWRU,QWHUHVWLQJO\WKHUHZDVDVL[IROGGHFUHDVHLQ
WKH(&RI*&&6,IRUXURJXDQ\OLQWKRXJKOLJDQGELQGLQJDIILQLW\ZDVXQDOWHUHGVXJJHVWLQJ
WKDWWKHPXWDQWUHFHSWRUZDVVL[IROGPRUHVHQVLWLYHWRWKHHQGRJHQRXVOLJDQGFRPSDUHGWRWKH
ZLOGW\SHUHFHSWRU.LQHWLFDQDO\VLVRIWKHF\FODVHGRPDLQUHYHDOHGWKDWWKHFDWDO\WLFHIILFLHQF\RI
WKHPXWDQWZDVJUHDWO\HQKDQFHG LQWKHSUHVHQFHRI67FRPSDUHGWR WKHDFWLYLW\RIZLOGW\SH
*&&7KLVHQKDQFHGFDWDO\VLVFRPELQHGZLWKWKHLQFUHDVHGDFWLYDWLRQE\XURJXDQ\OLQLPSOLFDWHV
WKHK\SHUDFWLYDWLRQRI*&&LQSDWLHQWVVXIIHULQJIURPFKURQLFGLDUUKHD+RPRORJ\PRGHOLQJRI
WKHF\FODVHGRPDLQRQ*&&VKRZHGWKDW6LVSUHVHQWEHWZHHQWKHο?DQGο?KHOLFHVZKLFK
ERUGHU WKH DFWLYH VLWH ,Q WKH DFWLYH VWDWH WKHVH WZR KHOLFHV DUH WKRXJKW WR PRYH LQZDUG
7KHUHIRUH LW LV SURSRVHG WKDW WKH ORQJHU VLGH FKDLQ RI ,OH DW SRVLWLRQ  LQVWHDG RI 6HU
FKDQJHV WKH FRQIRUPDWLRQ RI WKH KHOLFHV UHQGHULQJ WKH F\FODVH GRPDLQ PRUH DPHQDEOH WR
DFWLYDWLRQ
 7KH UHVXOWV SUHVHQWHG LQ WKLV WKHVLV LOOXVWUDWH XQLTXH VLWHGHSHQGHQW UROHV RI
JO\FRV\ODWLRQ LQ IROGLQJDQGUHFHSWRU WUDIILFNLQJRIQHZO\V\QWKHVL]HG*&&DQGQRYHOJO\FDQ
GHSHQGHQW LQWHUDFWLRQV ZLWK SDUWQHUV VXFK DV 9,3 DQG JDOHFWLQ $OVR GHVFULEHG LV WKH
SDWKRSK\VLRORJLFDO UROH RI*&& LQ )%6 GXH WR D JDLQRIIXQFWLRQPXWDWLRQ WKH ILUVW UHSRUWHG
GLVHDVHDVVRFLDWHG PXWDWLRQ RI *&& 7KH VWXG\ WKHUHIRUH SURYLGHV QHZ LQIRUPDWLRQ RQ WKH
FRPSOH[PHFKDQLVPV WKDW UHJXODWH*&& WUDIILFNLQJDQG IXQFWLRQGHPRQVWUDWLQJ WKHPXOWLSOH
PHFKDQLVPV E\ ZKLFK WKH DFWLYLW\ RI WKLV UHFHSWRU FDQ EH ILQHWXQHG LQ FHOOV LQ ZKLFK LW LV
H[SUHVVHG
